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Physiography.—-Evidence of uplift has been produced from a
number of widely separated places on the Australian coast. The
Western Australian evidenee has been summarised by Jutson (10),
who, however, saw no direct indications of uplift in the Swan River
District, though he had stated (9) that uplifts may have taken
place. Woodward believed that uplift was in progress at Fre-
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nantle (3), bot did not produce adequate evidence to support Ins
belief,  Semerville has recently placed the matfer beyond doubl
(1G), by rvecording and deseribing numerons features in the Perth
Distriet which are indisputable evidence ol a reeent displacement
el the strawd line, resulting in an appavent uplift of 23 feet {rom
the present high water levei,  We considered that this movement
should have heen eleavly recorded by the terraces of the Swan
and Helena rivers, and, therefore, investigated the problem, Sinee
the appearance of Daly’s snggestive papers (18, 19), recent uplift
has assumed world-wide nmportance, and we have attempted to
apply the results of owr work as a test of Daly's hypothesis.  As
great uncertainty now prevails in the use of fhe terms “elevation
and subsidence of the land,” “displacement of the sirand line,” and
“eustatic movement of the ocean,” we shall nse the term “rejuven-
ating movement” when speaking of the recent changes of the Swan
and Helena rivers.

The Swan aud Ilelena rivers, having terraces developed above
the tidal hmit, and raiged beaches below if, ave shmilar to the
Moonee River, Vie. (6), which has terraces associated with raised
heaches.  We snewest that the investigation of river ferraces has
an tmportant bearing on the problem of eunstatic movement,

The Segments of the Swan River—-Somerville (16) has divided
the lower Swan into convement jhysiographie semments, eaeh of
which hag fairly wniform ieaturcs. To these we add two [urther
geoments,  I'rom Borswood to Ghuldlovd, the river flows through a
wide valley, the sides of which are obseiwed by recent sand dnnes.
This secment is fransitional in nature, for here tlie more evident
features of the lower segments, which ave due to the drowning (9.
10), prior to the rejuvenating movements, give wayv to “satures
nsially asevibed to upiift.  From Guiddiord to the footlills of the
Darling escarpment, bevond Upper Swan, the river flows in a
valley, whieli Jutson terms “precociously mature,” and exlibits all
the characters of a river which has reached maturity after several
suceessive rejnvenations.  The Ilelena joins the Swan at Guildford
and s sinilar to the Swan., from where it also emerces from the
escarpment, but has a slightly steeper gradient, and 1s, therefore,
more juvenile.

The Swan Coastal Plain.—This prominenl feature ol the
physiography of Western Australia has been adequately deseribed
Ly Jnison (10}, in a broaud way, while Woolnough has elaborated
{he deseription and recognises in it a zeries of distinet elements
(13). We shall compme the features ol rejuvenalion existing in
the Perth Distriet with other featnres, further alield, whiech have
nol vel veceived detailed study, bul may reasonably be aseribed to
the same canses, espeeially iF Daly’s hypothesis he correet. The lakes
marginal to the sea. between Bunbury and Mandorah, Form a pro-
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minent physiographie line, and (heir parvallehsm and serial arrange-
nent eall for an explanation whieh we behieve 18 given hy the re-
Juveating movements which atiected the Perth Distriet.  The ex-
planation we shuall give of the Rotinest lakes conlivims our apinion
concerning the Bunbury Takes.

The Isluwds off Fremantle—Garden Tsland, Caruae, and Rotl-
nesi represent a loriner westward estewsion ol the coastline, and
were probably separated 'rom the present coast by loeal subsidence
(10). They are Tormed of (Coast Limestone (a consolidated, cax-
Lonate dune reek) and of recent sand dones, Rottnest, wineh en-
cloges a gronp of sall lakes, gives very clear evidence of having heen
affected by rejuvenating movements,

The whole asland is surronnded by a rveel, or wave-cut plat-
fornt, which extewds fov hall a mile or more to sea, where it ends
abruptly, bemng undermined by the waves. The solid reel ltmestone
appears to rest on nneonsolidated sands. At Ingh fide 1t 18 covered
by three 1o four feet of woter off-shore, whence it shallows
oradunally to the shorehine, where it ends nsually in a beach, or on
headlands and exposed places, avainst low, undercut ¢hifl’s of lime-
stone.  1ois the prodiet of recent wave action, with a very low
wave hase, owing to the shallowness of the swrounding sea.  The
modern beaches are oiten bordered to landward by a low rased
beach, indicating a movement of' abont ewght leet.  \n older, cle-
vated platform replaces the raiged beaches on the rocky shores and
stands abont fonr leet above high water mark, There is also ndi-
cation ol a platform abont twenly feet above Ingh water mark, but
owing (o the rapid weathering of the couzi lmestones nnder wind
and rain, and {o the eneroachment ol recent dinmes, this high-level
platform is very obsenve.  Where recognisable, 1t olten carries
fracniients of large shells npon its sirlace.  One such platform exists
at the northern end of Thompson Bay, and ancther extends [ron
Nunev Cove Lo the Fagtern end of Strickland Bay.  The platforms
are inferpreted as clevated reels.

The shores of the salt lakes expose a most mieresting seetion
comy osed almost everywhere of consolidated shell beds, which extend
to oreater heights than the present shores of the lakes, and end
requently against underent Tintestone eliffs, the hases of which are
about eight Teet ahove high water mark., Flsewhere the shell beds
extend Car inland, marking former extensions of the lakes, as at the
north end ol Garden lake. In a few places, the beds mark old
sliorclines at n greater heiglt tlan eight feet, ag at Padbury’s TFlat,
The shells are very abundant, aud are well preserved, the two
valves of jeleevpods offen heing unuited.  The shells helong to
existing species, and form a very different assemblage from that
ol the shell heds of Perth and Melville Waters,  Associated with
ihe Rottnest shells are one echmoid, one serpulid worn, and one
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lavge foram. These beds show that the Takes were lorpierly less
saline, and werve connected with the sea.  Their clevation above the
present strand sugeests that the closing ot ihe lakes, and the union
ol two or perhaps three islands to form the present Rottnest, were
effected hy the rejuvenating movements., 1t also affords an ex-
planation of the salinity of the lakes.  The eoast limestones are
exceedingly porous, and the great loss of water from the lakes by
evaporation during the hot and dryv suunner can only be counter-
balaneed by percolation of sea waler throngh the limestone, which
i turn implies continuous iuerease in salinity.  The fresh water
cained by the lakes during the wel winter is not competent, in onv
opimion, fo mamtain a balance with the sea. Two points of former
unlonr ol the lakes with the sea ure probable, one heing al {he
castern end of Government Ilonse Lake, leading infe Thompson
Bay, the other being at the site of the propesed ecanal at the
northern end of Lake Bagdad. The driftine ot <and bars and danes
ard the rejuvenating movemeits conthined, we believe, i closie
the lakes, and evaporation balauced by pereolation from the sea has
rendered them saline, DBoilli actions have eanzed the oxtinetion ot the
shell  fauna.

GEOLOGY.

The Crystulline Platequ.—The terraced seotient ot the Swan
River is [lanked on the ecasi by the fault scarp of the Iarling
peneplain.  The scarp has been desciibed by JTnlson (10), and the
features of the nplifted penepluin by Wooliough (13}, In (he
Guildford District, the platean escavpnnent is composed of a variety
of granites, which do not appear to show anv elear mareinal re-
lationsnpy to euach other, one tvpe grading imperveeplibly into the
next. They are helieved to be Pre-Cambrian in ave, and are pene-
trated everywhere by a plexus of bazic dykes, here for the most
part epidiorites, thouzh dolerites are also known to ocenr.  Furthor
north, beyvond Upper Swan, a gheissic sevies makes ity appearance
(9}, bat it has veceived little Investigation.

The Guildford Cluys—"The Swan itself Hows over the Guild-
ford Clays from Upper Swan to Guildlord. This Formation extends
right up to the foot of the Darling esearpment, and ig claimed by
Woolnongh as part of a contiinous piedmaont apren (15). This view
seems to he [ully justified, but the velationshipy of the Guildford
clays are not entrrely apparent. Thev Iave claimed atiention sinee
1884, owing (o their artesian water content,  With fheir associated
heds they form a distinet sevies, which we shall term (he Guildford
heds, They extend to a creat depth, as is shown by the bore
sections (8), and are of irreenlar charvacter, withowl persistent
horizons.  They contaim heds of hawl sandstone in some places,
but, as a role, are not well consolidated.  In lithological claracter
they vary from red clays to sandy clays, eravels, sundstones, and
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even to caleareons sands. In the vailway eutting, on the nortls side
ol the Swan, at Upper Swan, they show gigns of contemporaneons
crosion.  Lithologieally  they have been thoronghly described hy
Hardman and Nicolay (1, 2),  Shapson velers [o them as being
of Mesozoie age (7)., Theyv alford no palacontological evidence.
Shells are Tound in (he borve sections of the Perth Distviet, but are
absent from the Guildford hores (D). They arve best considered as a
piedmont deposit, post-dating (he Tormation ol the Davling esearp-
mendt. 1

Drift Sauds—The Weslern bank of the Swan, between Guild-
Cord and Upper Swan, is hordered al a varving dislance by dunes
which have heen fixed hy vegelation, The dunes helong to the coastal
dune belt, but are here siliceous rather (han caleareous.  They re-
present the eavlier acemmulations during {he period ol eoastal pro-
oradation, which preceded the evele of drowning rveferred fo pre-
vionsly (10).  All the vivers of the Swan Coastal Plain appear to
he consequent upon the Darvling escarpment, but the eneroachment
ol the dimes hag lad o powerlul effeet in delleeting the streams
on le plain (10), and the Swan las been Toreed, in the Gutldlord
Distriet, (o (ake a subseqnent comse over the Gnildford beds, until,
by wathiering strengtl from the Tlelena and the Canuing, il has
attained supremaey over the dunes.  The surface of the GuildTord
heds slopes gently to the southy, hat the western gradient, on the
western side ol the Swan, is sullicient to eause stagnation ol the
drainace from the high dunes, wiih the vesult that a nunmber of
swamps have Formed belween (he dunes and the viver.

T Teresces axp Levirns.—In order 1o investigale {he terraces
Fonr lines ol levels were determined hy theodolite, erossing the valleys
ol the Swan and Helena (the latter in (wo cases onlyd, approxinately
al righl angles. 1rom the levels obtained, proliles were plotted on
a4 uniform seale, and these, contbined with an examinabion ol the
around, lave led ns (o onr conclusions.  Fonr physiographie levels
have heen ¢learly revealed, and a fifth is believed fo exist, bul is not
so well marked nor so well preserved as the remainder. The upper-
most level is that of the smrface of the Guildford beds, the lower
levels heing indieated by river terraces. s the ferraces are de-
veloped syimmetrically in hoth rivers, and correspond very closely,
they are of the type nsually ascribed Lo uplilt (17).

The nppermost, or Carershiaom level, s the original erosion sur-
fuce ol the distriel. 10 hag an elevation of -kl feet above survey
Jatom al Guildiord and Midland Jnnetion, and slopes very evenly
upwards to the north, heing 70 foel above survey datnm al Upper
Qwan. o this level (he Swan and Tlelena eroded their original
paths over {he GuildFord beds, aud developed broad and preeo-
ciously mature valleys until the elore ol the evele of drowning.  The
thalwee so Tormed constitnled the Guildford level, whiclt 18 now
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represeuted by o well iniuked fervace in both valleys, T is very well
developed at the Old Goll Links on the northern side of the Swan at
Guildlord.  The Guildlord level is traceable ahnost contiuously for
a long distanee up both vallevs. AL Guildford it is 13 feel below
the Caversham level in the valley ol the Swan, and seven feet helow it
in the valley of the Tlelena—a nice expression of the relative powers
of the two rivers. At Albion Town north of Herne Hill it s nine
Feet Delow the Caversham [evel, and ol Upper Swan it is very leebly
developed, I as Tiere represented hy obgenre shoulders on the Caver-
sham slopes, and we estinnated its depth by dingrammatic raeans {o
be only five feel below (he Caversham level, 1t 18, however, quiie
traceable in the landseape. The GuildCord Tevel therefore vises towards
the Caversham level proceeding upstream.  This 15 what would he
expected durmg o period of stillstand, or of slow subsidence (4).
Rejuvernating wovement now supervened, amd the soft Guildlord
Leds beeante entrenched below the Guildford level, leaving it as
river terrace,  This (lirst phase ol the vejuvenabion is marked hy dis-
tinet remnants of a once conilinuous terrace in hoth vallevs, hnt the
new  thalweg which it represents as haviny  developed helow  the
CruildFord Tevel has been greatly obscured by the subsoqnent develop-
ment ol the rivers.  This thivd level is elearly showu to the souli
of West Midland railway station, in the valley of (he Tlelena, al
we have named At the West Widlawd Lerel, AU Guildlord the West
Midland level is eight feet below the Guildlovd level in the Swan
Valley, and 10 feet helow it in the Helena,  Ngain we bave a vesponse
(o steeper grade in the Helena. At Albion Town this level is 30
Feet below the Guildford level, and at Upper Swan is 31 Feet helow
i, The level is easily traceable in (he scenery, and we are not in
doubt about its ideutification.  We ave here dealine with the effech
of the steady and continnons inerease in (he corrasive power of the
Swan under the inflluence ol vejuvenation, and as {his POWer -
ereases by “eomponnd inferest” in proceeding up o novmal streqan
from its month, the velative inerease in corrasive power under re-
Jnvenabine intluences Is very mneh greater than in {he normal con-
dition.  The rule may be vestated (hal ferels due o rejurenition will
diverge from the older levels of stillstand or sulsidence in procesd-
angg atpstream, - (e 4) Toolher words, the further we go (ownrds
the head of the Swan, the greater will Te the vertieal interval heiween
the Chatldford and the Weost Midland levels (terraces).

The West Midland level only marks o panse in the process of
vejuvenation.  When the movement starvted aeain further enfrench-
meut took place, the second panse heine recorded elearly in the
Helena but less distinetly i the Swan vallev, At GuildTord, soven
teet helow the West Midlind terrace, in the Tlelena valley, is another
ferrace whiclh we Peliove records o Courtt level, At the OLd ({otlf
Links at Guildford, in the Swan valley, is o lower platlform whiel
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corresponds 1o this level, and ab Albion Town there 1 a terrace
arcatly disseeted by ox-hows, slanding five Teet helow the West
Mudland level.  Other featnres to be considered render o extremely
probable that o frne level exists tn {hig position, and that we are
uot dealing with aceidental lerraces. We bave noed the fourvth
level the Helena Level. When the widih of the present vallevs is
considerved, the presence ol elear and continnons records ol the
Helena and West Midland levels is scen to Le impossible. The Swan
now aeanders inoa valley as wide as that of the Guildlopd days.

The towest level 18 that ol the present flood plams. Al Guild-
ford the present Hood plain of {he Swan s 15 fecl below (e West
Midland Tevel. AL Alhion Towu the distance has not inereased, b
at Upper Swan it mses 1o 18 Teel. The depth of the Tlelena flood
plain helow the West Miadland Tevel s 13 feet in the western profils
and 11 Teet m the castern, the distanee hetween the two heing only
hall” a nles I both cares it is well above the Nood plain of the
Swan, indicating the steeper eradient of the lelena.

The signiticant mlerence Irom the forecony details is that the
total intervals due to rejuvenalion {(Guildlord 1o present levels) in
hoth wivers i the Guildford District arve of e same order, that is,
abont 22 feef, as wndicated by Ie profiles. Now, as a covollary {o
the previous rale, we stalte that the intercals belween river fervaces
due salely (o rejurendtivg movemenls will be equal ta e achial
amount of displacement auly in the victnily of buse-level. Dul the
maxtniun “uphtft” recovded by Somerville is 23 Teet (16), We con-
clude, theretore, that the river recavd of (e Guildiord Thstriet is :an
actual measnre ol the rejuvenatmg movement, and fhat GuildCord
wis near base-level,  Jutson stales correctly (9) that the Swian i3
allected by the Gides as far as Gnildlord af the presenl day.

The levels shonkd prove nsefnl m the study ol rafes ol erosion
1 Daly’s hypalhesis be proved altimately to be correet, as the ler-
riees ave disseeted hy mmumerable bhrooks the ages o which can be
canged acenvately.  Sub-surface deatnngee (1) was observed al
("pper Swan.

Notes on the DProfiles—DProfile No. T shows the Caversham,
GoldTord, West Midland, and PPresont levels i the Swan valiey, the
West Midland level heing herve shightly troneated.  Childlord ifself
ts on o remnanl of the Caversham-Guildford slope. In the Helena
Valley {lie Caverslum, Wesl Midland, TTelena, and resent levels are
shown.  Urofile No. 2 shows the same levels as No. 1 For the Swuan,
fhe West Midland level heine acain {rnneated.  In the Helena, the
Cimildlord, West Midland, and Present Tevels appear. Both of these
proliles were hronght into Tine with smvey datum by tyinge the
fraverse on {o a railway beneh mark.,  Profile No. 3 (near Albion
Town) shows an eneroachment dune on ihe west, and the Caversham,



CGudldFord, West Midland, elena (7}, and Present levels.  From
Susannah Brook to the east ihis profile was completed by inspeetion
ol the cronnd, not hy theodolite levelling, owing to ek ol time and
a Lailing Light.  The levels observed were correeted to survey datun
hy the height of Terne 1l siding, whiceli is on the Caversham level
(17}, Profile No. b (at Upper Swan) shows the avershaw, Guoilll-
Ford (obsenrely), West Midland, and resent levels, wd an nter-
mediate ferrace between the Guildford and West Midland levels.
The last is interpreted as a gHfT-off {ertaee (1), a type likely Lo be
encotnfered upstream where corrasive power is atb i(s height. The
Wost Midland level wag ddentiffed with certainty by plotling {he
egradients of the levels to seale on squared paper, which rendered its
harmony with the syvstem apparent.  As with Noo 3, this profile was
co-ordinated  witle survey datum Ivom the heighd of [pper Swan
Stding (17}, whielh is also on the Caversham level,  Profile No. 5 is
an idealised vepresentation of (he Tevels as shown by holli rivers.
Protile No, 6 shows {lhie gradients of the levels alone {he course of
the mSwan, and, Tike Nos. 3 and 4, gives a very elear idea of {he
divergence ol (e levels due to vejuvenation, and ol {heir convere-
ence during stillstand or subsidence in upstrenn seefions. I was
by means of this diagrmu that the (runeation ol (he West Midtand
lerrace i the Goildlord Distriet was fiest recognised,

The Teights of the levels for the various prafiles are tabnlated
below,  The levels ave nambered in descending ovder of aca: heiehis
are stated in lee,

o bio T by

Claildlord. j}] 1 L!W"-’

Town. Swi,

- = elena, Swar. Swiett, S,

i I, il I,

e .. N A4 44 44 (G2 70

o cee 37 24) 20 H3 Gh 7
3 25 20 21 % 21 7 25 52
4 15 18
D 12 118 10 s 8 I]

T Cyenes or lnosiox. 1 will he conceded that the interval
between two sueeceding and persistent Tovels indicates a eyele of
erosion.  The levels here recognised correspond {o Tonr such eveles.
"The fivst, ov Guildford cipele, vepresents the dilTerence helween the
Caverslam and GuildTord Tevels, and was (he inilial eyele. Tt was a
period of subsidence Tollowed by stillstand (the drowning relerred
to by Jntson and Nomerville).  The inferval belween {he Guildford
and West Midland levels, ov West Midland cyele, wasg w period of re-
Juvenation.  Aftev a pause the Helewa cycle was indtiafted, we
Lbelieve with Further vejuvenation.  Afler a second paase the Presend
eprele wag nshered in with rejuvenation, which has now given place (o
stillstand.  The amounts ol entrenchine done duringe {hese eveles



are given helow for comparison with the previous table. The eveles
of erosion are numbered in descending order of age. The figures
represent differences in feet between succeeding levels.  Queries to
figures indicate a possible error of a foot, while queries alone indi-
cale that the necessary levels are not developed in the particular
profile.

Guildfoud, Atbion Upper

- Town. Swan,

Helena. Sywan. Swan., Swan,

a. h. a. h.

1 ? 7 15 15 18] 57

2 ? 15 87 59 30 337
3 7 ? ? ? 5 7
‘i }, G v 9 9 g v 9

()

2; } 19 19 23 7 23 7 39 39 7
g } ? ’ 7 7 35 2 ?
: } 1 ? 2 7 147 :
4 ¥ 22 21 2 21 7 44 53

Correlation with the Features of “Uplifi.”"—The differences in
lieight between the levels of rejuvenation in the Chuildford Distriet
(behieved to have been 1 the viemity of base-level throughout), and
the amount of movement indicated, are tabulated below :—

Levels Difference Movement.
- in Height,
ft. ft.
Guildford to West Midland... 8 8
West Midland to Helena ... 7 15
Helena to Present ... 7 0

In the Perth District and the Lower Swan the details of the
features of uplift described by Somerville (16), if tabulated, arve
found to fall into three clearly marked groups, their heights above
present high water level Iying hetween the following limits :(—

First Group ... ... 1t to  Tft.
Second Group ... Tft, to 15ft.
Third Group ... ... 15ft. to 23it.

The reader is referred to Somerville’s fioures and map for the de-
fails.  Now, 1t geems evident from the above tables, that the eveles
of erosion whieh we have defined are expressed further afield, and
we correlate the third group of the features Somerville lhas de-
seribed with the West Midland cyele.  'This will inelude the shell
beds of Minim Cove and Peppermint Grove, the “raised” heach
and shell beds of the Coombe, {lie “raised” beaeh of Blackwall Reach,
the Crawley-Nedlands “raised” spit, and (thongh not deseribed by
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Somerville) the very evident bieher level of the Soutlt Perth “raised”
shoal, the levels ol whieh ean be elearly discerned from {he june-
tion of Labouchere Road, Lyall Street and Mends Street.

The second group corresponds to the Ilelema (‘vele, aml in-
cludes the shell beds of llinemoa Roek, Mosman’s Bay, some of the
higher shell beds at Coitesloe Beaeh, and the “raised” spits of
Points Roe and Preston, and of Peppermint Grove.  The striking
diffeveuce noticed by Somerville between the assemblages ol shells
in the beds of Mosman’s Bay and Minim Cove has iherefore a
partial  explanation il the eveles of vejuvenaiimg movements he
accepled.

The firsl eroup falis into 1he Present Period, and embraces the
lower shell Deds of Cottesloe Beach, and the associated “raised”
platforms, part of Mill Voint Spif, and the numercns “raised”
heaches to he observed avound the foreshores, at low elevations
above high water mark,  The last features have not been described
in detail by Somerville, hut are well developed, as, for mstance, at
Mends Street Jetty and al Applecross. These  low  “raised”
beaches otten hear a fi-free and swamp ilora.

A most bonportant Formation, it custabic movement is to be
dernons{rated, exists in the hidden shell banks of Perth and Melville
Witers,  These beds are eovered by recent sand and mud, but
ave frequently revealed in dredging operations, and arve so rieh in
shells that they are used extensively lor voad making and reelima-
tion. A nuwber of different speeies have been eollecied by Dr.
5. S, Stupson, and determined by My, €. Hedley of the Australian
Musewm, Sydney.  Ostrea Angasi is the most abundant species.
These shells are of the ereatest interest, but we do nol wish to an-
iicipate Do Simpson or Mr, Hedley in the deseription of the Lor-
mation, thongh it 18 necessary for our prrpoge to make some veler-
ence to it, None ot (lie species is now existeni in the neighbourine
watery, the 1iver indeed heinge almost devoid of mollnsean fanua. We
corvelate the Perth Shell Banks with the Guildford Cyele, and believe
them to he antecedent to the 1ejuvenating eveles.  During the
(fuildford evele the Swan broadwaters were mueh more exfensive
than they are now.  The effect of rejnvenation was to restrict the
volume ol the broadwaters, and to render the get-away of the winter
floods more dilliealt owine to local constrietions of the ehamnnel,

espectally af the Nacvrvows.  The aweelerated silfing, and lowering
ol salinity which ensued assisted in extinguishing the fanna.  The

shells themselves, howevet, mdieate al=o an important chmatie change
which 12 a neeessary postnlafe in Daly’s hypothesis (18, 19). At
Rotinest Island we correlate with the West Madland evele the ob-
seure high level platforns. To 1he Helena evele are assigned the
[tottuest Shell Banks ol the sall lakes, and their assocrated under-
ent ehifs and elevated strand hnes, 1 is possible that some of the



wmore elevated shell beds and shore lines belone 1o the preceding
evele, but (his caunol be demonstrated withoat eareint levelling.
The Rottuest shell banks are as anportant 1 onr loeal geology
as are the Perth shell hanks.  Shells from the Rolthest banks have
also been examined by Mr. Hedley, whe states that they helong
existing genera, and indieaie a climate similar {o the present one
ol the locality, whereas those ol the Perth banks mdicate wormer
conditions.  The elosnre ol the lakes, and {he anien ol fwo or
Perhaps three islands to form the present Rollnest may be assizned
to the close ol the Telenax evele or to the openimg of (lie Present
period.  The striking fact for the visitor is thal the nnderent
chiffs ol the sult Iakes belong el=sarly 1o Helena tunes, while thase
al the sea shores helong equally elearly fo the present period.  1u
the absence of carelul Tevelling, eonfusion also exists concerning the
Pransed reels” and “raised” heaches ol the present sea shorves, whieh
Lelong to the bhorderline between the two eyeles, The existing
reel” platforms and the underent shores ol conrge are definitely pro-
duels ol very recent action,

“UpLilt™ has been demonstrated at widely  separated  places
on the shoves of the Swan Coastal Plain, bhat it 15 not our inteniion
to deal with vegional moverent here. The whole question of re-
cent “uplilt” wround the shores ol Ansteaha shall be reviewed hy
one of us (M.AL) shortly.  The lakes mavginal to the sea, hetween
Bunbury and Mandural, have heen mentioned on a previony paee,
and shall be considered brielly.  Lesehenault Inlel, Lake Preston,
the Martin Tank line of lakes and swainps, and Lake Chfton are
long, narrow sheets of water arranged an echelon parallel 1o the
cousl.  Leschennult Tnlel s connected with the sea,  Lake Preston
ix not, and is saline, and iz associated with a development ol the
Rottnest shell banks.  The Martin Tank fine has an clevation
ol about 35 feet ahove sea level and is assocate]l wilh a develop-
ment of the Perth shell bhanks (fide Mre. A 15 Mitehell, BLSel).
Lake Chitten, still further inland, stands abont 60 feet above sca
level,  The seguence of events in this area seenis {o have beeu
simtlar to that of the Swan Hiver Dislriet, with tlus exeeption:
that mstead of a evele ol drownimg prior to the rejuvenating
movewents there was here an actual aphift in pre-Guildiord (nnes,
which clevated Lake Clifton, The AMartin Tank line, with the
associated Perth shell banks, are interpreted as the produet of the
Guildlord evele.  Their present height above sea level is not in ac-
cordance with euslatte movement nnless it be assumed that the
movement of uplilt was also still in progress. lake DPreston
and its Rotinest shell banks we assien io (he Tlelenan evele, and
Leschenanlt Tulet to the Present perod. We sugeest thal eaeh
of these lakes has been elosed and rendered saline by processes
stmilar to those which operated on the lakes of Rottnest Tsland.
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(e of us (M.AL) considers that the larger brooks issuing frow
the Darling Ruuge Escarpment in the Swan River District show
distinetly younger valley profiles in the lower parts of their conrses
than Cuarther npstreanm.  As exawmples Jane Brook, and Narrogin
Brook (Avmadale), are quoted,  This feature is comieeted with the
whole period ol rejuvenation, [t 18 necessary, however, 1o bring
to notice the lactors which may assist or retard corrasion in these
streans,

Corrasion may be assisted by the jointing and faolting ol
the crvstalline platean. Jointing is dillicult to frace, hut might
be expeeted to lave heen recorded by a yielding formation such
as the Avmadale shales. The joint systems of this formation
have heen plotted, amd are found to belong to {wo series, each
aving two sets of Jomts at vight angles, showing in all twelve
separate dhrvections,

First serles—
Sel a .. N.N.K, by N, to S.8AW, by 85,
Soet oL FL.S. K. by . to W.NUWL hy W,
Second series—
Sel a .. NV by NU o WoSAW, by S,
Set oL N.WL. by N to 8. by S,
The former series 1= the =lronger, hut none of these divections secm
to be prommently marked i the drainaze of the platean.  Fault-
img 13 wore easily recognisad.  From an examination of the Armna-
dale Distriet, we concelude that the Narrogin Brook and iis northern
tributary tollow a line of Tault hehind the foothill zene (15), hav-
ing found a displacement of lalerite leval in this zone, amounting

to about 200 feet, on the sonth side of the Canning Valley.  Later-
ite displacement of this amount is a clear indication of recent
faulting (12). A sindlar displacement has alse heen  observel

Between Jane Brook and its northern tributary well within the
Range, and the conrse of Jane DBroolk helind ihe loothills zone re-
senmibles that of Narrogin Brook, 1 is sneeestad that tie foothill
zane is aliways a product of step fauliing.

Factors whicl may as=sist in the development of local maturity
are ol the nature of temporary base-levels, The only competent
ohstacles wre the basie dykes.  From a eavelnl studv of their ont-
crops we helieve that the Gasic dylies are more easily weathered, but
less eusily eroded, (haw the granites of the distyict. The difference
i hoth eases 15 very glight,  Where a dyke crosses a hill at rvight
angles (o the contoms it weathers ont, leaving o col.  Lower down
the hillside the same dyke Torms o videe, for here erogion i3 more
tapnd tan weathertng,  Similarly, where a dyke is parallel (o or
inclined to the conlours at a low angle, the onterop forms a dis-
finct Jedge cn the hillside, No far, however, we have not seen a
dyke whieh has become an obstacle or temporary base-level {or a
stream.
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SUMMARY AND CONCLUSTONS.

(I.) The Swan and Helena Rivers lave recorded fonr eyeles
of erosion, which are marked by viver terraces. The fivst
evele was one of stillstand in the Guildford Distriet.
The second, third, and fourth eveles were caused by re-
Jnvenating movements, indicaling an uplift of the land
or a sinking of sca-level of 22 feet.

(2.} The clmate of the distriet was warmer hefore {he move-
ment than it s now.  This ig indicated by two mmportant
formations, the older Perth Shell Banks, and the vounger
Rottnest Shell Banks,

(3.) The amount of movement is the same as that deseribed
as being due to “uplift” in {he Perth District (23 feel).

() Varioug phvsiographic features in the Perth Distriet, at
Rottnest Island, in the Dunboryv-Mandurah Distriet, and
in the Darling Range cast ol Perth ean be correlated
easily with the four eyeles of' erosion, which may there-
fore he taken as the loeal bagis tor the subdivigion of
Recent Time,

(0.) T Pre-Guildford time actual subsidence was taking place
in the Swan River Distriel, while upliift was in progress
further sonth in the Dunbury-Mandurall Disiviet.

(6.} The evidence of receni changes in the Swan River Distriet
supports Daly's hypothesis ol a recent world-wide sink-
g of ocean level.

In collabovating on this paper we desive to state that the fol-
lowing partition of work was wmade. The theodolite levelling and
construction of the profiles were carried out by E. A. Budge, and the
general Geld work and correlation were done hy M, Anroussean, We
also wish to thank owr students Messrs, Calder and Thorburn, of
the Guildford Grammar School, and Aessrs, Cuming and Worboys,
of the University ol Western Australia, for assistance in the field
work.
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EXPLANATION OF PLATES.

The Helena Valley, looking South from Guildford,
A, on map. Shows anabranches, and terraces in
the distance. [K.A.B. photo.

The Swan Yalley, looking North from Mr. Harpers
house. B, on map. Shows width of present flood
plain, and terraces in distance, F.A.13. photo.

The Swan Valley at Upper Swan. €, on map. Shows
present flood plain, Caversham level (house on sky-
line), slip-off terrace (behind haystack), and West
Midland level (in front of haystaek). M.A. photo.

The Guildford beds and Darling Range, from Upper
Swan. D, on map. M.A. photo,

The Rottnest Shell Banks,  Befween Garden Lake and
Lake Herschell, Roitnest. M.A. photo.

Present Marine abrasion at Rottnest. Undereut lime-
stone West of diving pool. The man is standing on
the reef. DMLA. photo.

Map of the Guildford District.

Profiles (to scale) of the Valleys of the Swan and Helena

Rivers,
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Plate T.—The Melena Valley, looking South from  Guild ford.

Mate 11.—The Swan Valley, looking North,
(P2 on Map.)
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Plate TV.—The Guildford Beds and Darling Range
from Uppeor Swan, (D, on Map.)

Plate V, —Rottnest Shell Banks,
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